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TITLE 



PRODUCTION OF ULTRAHIGH STRENGTH STEEL 



ABSTRACT : PURPOSE: To obtain an ultrahigh strength steel having 1600 to 2300N/mm 2 
class tensile strength and excellent in ductility. 



CONSTITUTION: A steel having a composition consisting of, by weight, 0.4-1 .0% C, 
1 .2-3.0% Si, 0.3-2.0% Mn, 0.2-1 .5% Cr, and the balance Fe with inevitable impurity 
elements or a steel where, as necessary, one or >2 kinds among 0.05-0.5% Mo, 
0.05-0.5% V, and 0.01-0.5% Nb are further incorporated into the composition is heated up 
to a temp, not lower than the AC 3 transformation point to undergo complete 
austenitization. The steel is cooled from the above- mentioned temp, to a temp, between 
the Ms point and <350°C at a cooling velocity higher than the velocity at which the nose 
in the TTT diagram passes. The steel is isothermally held in the above-mentioned temp, 
region for 10-60min and then air-cooled down to room temp, or cooled at the cooling 
velocity not lower than air cooling velocity. By this method, the ultrahigh strength steel 
having a composite structure containing bainite and residual austenite as main phases 
and also having 1600 to 2300N/mm 2 tensile strength can be produced. 

COPYRIGHT: (C)1993,JPO&Japio 



\ 



BEST AVAILABLE COPY 



<19)B*MHW (J P) (12) £i §g §f £t (A) (lDfMPUW&IIM- 

#P§3F5-320749 

(43)^B85 ¥J£5¥(!993)12 B3B 

(5Dint.a. $ sawffi^ f i tm^m% 

C 2 1 D 6/00 Y 9269— 4 K * 

// C 2 2 C 38/00 3 0 1 A 

38/18 



^m^t §l*JgcD&5(£ 8 JO 



(21)tfJ8S#*f 


#8*^4-152682 


(7l)m®A 


000004581 


(22)m@B 


^4^(1992)5^200 


(72)^^^ 


^C^^tDK^F*? 3 TS 4# 1 *f 

mm m 






(72)%^ 


lues mm 






(74) A 


mm mm 



(54) [mw&m m&mm<n®&ij& 



(57) imm 

imffl SlffiSfeS^l 6 0 0 — 2 3 0 0N/mm 2 &TJ. 

[f»j£] C:II.H.0ttX, Si:1.2-3.0 1I 
Md:0.3-2.0 11^ Cr:0.2-1.5ll%, 81 
^FeiJi^pJie^tt^TC^^^^m?:. 
cfc^Tte^lCO.OS— 0.5 II^OMo, 0.05—0.5 £ 
ftXOV S&ttO. 01-0. 5 1S% NbO^m^ 1 g£ 

\zmmLT5c±\Z*-XT±'( hitlsTz^X, COM 

SI3SISTMs^j^±T3 5 Ot^SUT^l, 

&&$: : 6VR-Z> i 5m&-Z&l 6 0 0 — 2 3 0 0N/in*tf> 



—297— 




(2) 

I 

UfMBHl] C:0.4-1.0IiX Si: 1-2-3.0 
11%, Mb:O.3-2.0 11^, Cr : 0.2-1.5 MM 

^^iO'b^ir^^^TMs^iTa 5 one* 
h««t b'3tn^fiiai€^rLj.'D5«3fis««i 600 

-2 3 0 ON/orfODSSEi^fiHflDSra^jfe, 

[Sf#^2] C : 0.4-1.0 M%, Si: 1.2-3.0 
M%. Md : 0.3-2.0 11%, Cr : 0.2-1.5 £g 
%, 0.05— 0. 5 MS% ©Mo, 0.05— 0.5 MS 

%© V 0. 01— 0^ 5 11% NbO ViTtl^ 1 8£ £: 

i o-6 oftmm.u&&vzimzmui£'v&fti£ti\*£ 

?l«9fe£#tl 6 0 0-2 3 0 0N/im 2 <Djg&3&&f8©j!S 

MM 3] : _..JMW— X^Hf M4, tft*&g#U.5 

[MM 4] Mlt-XfH Hi. ^tCi&ftS* ^ 
flbPl 5 — 3 oeiXT^HAfil, 2££:tt3K:S 

[00 0 1] 

6 0 0-2 3 0 0N/nm 2 (n^L— h>/nim 2 ) »©j&itS3£ffi 40 
[0 0 0 2) 




#i¥5-32 0 7 4 9 

2 

[0 0 0 3] tt*J:0. Ml»H£J§UTiS3ME»£& 
j£T*$B£. 1 6 0 0N/nm 2 EU:©3l^&;* (J^T, T 

[0 0 0 4] ^(DmmZM&iT^ . *£&BS58-42246^ 

&is t-r c <hc j: o aw* 

2 o 0K/*m*WL^\*±tort&m™%mm^$>z><»izM 

U Jl©^j£{C<tlia, 1 2 0 ON/Wgfc-£fgj30% 
[0 0 0 5] £;M#if!¥3-215623^&*StCte. R^<^ 

n^tiaoTTS^l 5 0 ON/miD 2 &*r30%^<Z> 
[00 06] 

;2r*fc-m, i^£<hm^TfcTSkt&*Tfc*n 6 0 0 
K/am 2 tTt^S. ^A(f^©^©^JSWe« 1 6 

[0 0 0 7] *Z£W\tZ<DmmfiL&f&&:L, TS*U 6 

00-230 ou/m*&^M&<n&&teig&&mm&n 

[0 0 0 8] 

mm&mik-r&ZLtixD^wa *&®\z,k*iiz, c : o. 

4— 1.0 11%, Si : 1.2— 3.0 MS%, Md: 0.3-2.0 
11%, Cr : 0.2-1. 5SS%, 5£gBFe:fcJ:tPFpJjB 
M^ttttroSH^SftSilfe. $ ^(Hid<DmiC0.05-0. 
5 SM%©Mo, 0.05— 0.5 MM%©V^fc(i0.01— 0.5 

sa%Nb©.virn^ ia^fc«2^_h^w^-fr^c 

«Sr. Ac 3 &m&&±<DUmiZlMf&LT^lZ*-^ 

0t:5fcMoU!n?iMiU iiwiaiSttfc: 1 0 — 6 o# 
rats u &a £ «^«-bco^ 

600-230 QH/M*<Dm&mzm<D&mjjm&Wi& 

[0 0 0 9] 

[ffcffi] *56WCttoJ«»a«<OfH*T«^^-r HB 

h©TR I (^aBBS^^fi : Transformation Ind 

ufed-Plasticity)(CctoTTS^l 6 0 0-2 3 0 ON/ 



—298— 



3 

tttfSTfcO&rt^, WIS (El) #10-20* CD 
[0 0 10] *S£tEtC43^T. Mt-Xft'fhtT 

^ b^cDmmmsiif^^ i^ ~?)VT>v<(hm£& (m 

[0 0 11] SiSjfttlttHWm 
jtfr <h feJ ^ 1^ ^b^c7)^-ai £ # ^ <DT, 5fc&Sg3"— X^ 

ifi^-r * s> cot* o Ttefr £ ft: I 
[0013] £^JiWCC"Si-Mii£»taHb¥^a^& 

[0 0 l 4] T«^-f^-f h££#l,T8l«*— 

[0015] mm<Dmm&m0!L-r2>iz\t, z.<d&z>uzl 

ftafcjK. C-Si.MnKLSDxTCr.S^KlCMo. V. 
-m&rt7>X<D&iS\Z®titiTSt>tl 6 0 0-230 

[ooi6] *xmtzft5mv>&&ft<Dfcm£*a>i*m 



(3) ^¥5-32074 9 

4 

ffl&mvm.Mmmizzi^TSiTizisiVtt'z,. 

[0 0 17] Ctt, Jfr-X^-f h2c£{fc7t^£0. 

ca«o.4~i.o%co«ifsc'r^^^feSo 

J0 jfiKSWT. SSU^S^-X^tM' hfitel 5-3 

[0 0 18] Sill, ZTtm-vb 
^cfc^KfcSo ft^TSifim.2-3.0%<DffiHl::fK£ 

a? coo 19] Mn«^-x^-r h^^b5c^-c$>o. 

0. ;LwE£cte^#&^B*~x^:f-r h«6tl^ 
£fcMDfi#2.0%£j@*S£^:^< hffiB© 
^^jg<^oT J ?>»iO^>a:g|@^-X5 L ^ b£# 
£ftfr<fr*. ^<7>^ft6MDgtt0.3-2.0%^|g^-r 

30 [0 0 2 01 Crtt, Mgtt<D*^tttt*IC&C&JMB 
*!> K C rSte&iEO. 2 % ii&HT? & * 1. 5% £ j|B 

ATiiB lt kmm{£<DW±\zit*n&±<D$bmtmtb 

tztb\ZC rftJiO. 2-1. s% (cis^r ^. 

[oo2i] Motvn ^-r^--r ho^tgo^^^c 

^< h^^fip^bfc^w^-x^'i' h&m&tm 
[0022] uo\to.oo%mm<Dmn\^'v\t^ v 

<D $L)&\zm& & fc ^ -T 05-0. 596 (Cfg^-T 5 
50 &£0f«S. ^feVfl0.05%«TO|&fl3Ttt^-f ^-f h 



—299— 




5 

o. 05-0. 5%\zmfeTz>&m&$>2> 0 

10 0 2 3] Nbte. ^-X^^>«tlOJ»b*:*& 
HOTO. 01—0. 5%fCfg^To 0 

[0024] mz, *f£mm<om&m&fr\z-D^xsm 

[0 0 2 5] **WBI©«Uet*fcr>Ttt, Btttt. ± 

^©^m^«ewofPi*s*©^ramfe mum*, # 

[0026] ^mmzvto^i-'i vvm&m-x, *r 
m*PLZiMj&±.<Dmj&mzm&\sT&&\z*~- x^--f 

>1M h£ttl)H&&) 3 5 Ot^WlSi©!^ 

[0027] TTTmm&s-x&m&rzmBL&Qh 
s ox:yfcm<Dnmmz&An-rz>!&iz t 7x7 

ZfirTzz. kitted. 

[0028] ra«tffla«ttMsja-3 5 ot:*S5tu 

U\fti&l£t>te\<K 3 5 0t:^T?®&#tS~rs;i<h«c 
I Pi*&^tcti:^6. 

[0029] tr 1 v&mmm*-*v-+<t h<n&fe 
tt, r^iD^m^m^m<r>m^vm^\zmty^x^D t 
m&&m^izmmz&misT&<»ft&i$:&zt£\s#)Z>j: 




(4) #B§¥5-3 2 07 4 9 

h £VTff&lsnZ>tz&iZUmm&mi.0~ 

[0 0 3 0] ®m«aSfi^350'C^^^fe)cUfcT^ 

j# \ttn&m*tt&&&n~c&zitMz t mmm*-* 

93<7)<fc^K: 1 6 0 0-2 3 0 ON/mm^COjS^^tr^ 

[0 0 3 1] taia^^i$l®^— X 

h^<omm^mommzr>^xm9t^rf^r^ 

*%^»-e«C-Si-MD ^CCr$ ^JCfcfcMo, V, 

[0 0 3 2] mu^mum^Ms^^m^m 

1 6 0 0N/ian 2 ^±ogi^$ti^^^i:«*C^^^^ 

[0033] n«)Sfl««fia««^fi»-r*i*wa:i 0 
^&f^mz&v2>&&mffi&i otoxmrctxi-fi-'f 

jak±3 5 o'c*«oiaK«tc«^'r^Btratt 10-6 

[0 0 3 4] (Ao&AsC0lI&ftlfflUti(Cimra&& 
[0 0 3 51 



—300— 



(5) 

7 

-T. cne©^^No.A, B. C. D, E, F, G;fc<fc 

z>mm& ftnz>it&m~e&r). no. i, j. k, l, m 

[0 0 3 6] &*&»A~H£*$g§*SU~N£, 



4$H¥5-3 2 0 7 4 9 

8 

co 03 7] zn$<»&w&i&i,xi&m<nm&f&&ma 

IS 13B^I^5?I^S4Sfe^) SS^-X^-f hfi 
[00 3 8] 



\ 



# • 



(6) #§§¥5-3 2 07 4 9 

9 10 





is 

St 




s 

& 
±* 




R 


s 

is 


s 


s 


s 

flg 


m 


s 

K 


SI 

c 


m 

« 


m 

m 


JO 




to 
o 


to 
co 


co 


o 


CO 

o 


CO 

co 


<o 


L. 


CO 


»o 

CO 






to 

CO 


2; 




o 


o 


CO 


co 


co 


co 


CO 




CO 


CO 






CO 


> 




C. 12 


C. 06 


C.08 


0. 05 




CO 


0. 19 




CO 

co 


CO 
CO 




o 

CO 




Mo 




0. 09 


0.05 


0.08 


0.08 




0.26 


0.85 


0.01 


0.20 


0. 25 


0.28 


J— 


0. 19 




- co 


LO 


ao 


oo 
C— 






LO 
OO 


LO 

r— 


t— 


LO 
CO 


CO 


LO 
CO 


CO 

CD 


C— 


o 


<o 


co 


o 


<=> 


o 


CM 


CO 


CO 


o 


CO 


CO 


CO 


c=> 


CO 


GO 


CO 

o 
co 


LO 

co 

CO 


LO 

co 


LO 

<o 
co 


OO 

co 


OO 

o 

co- 


co 


LO 
CO 
CO 


OO 

co 

CO 


LO 
CO 
CO 


LO 
CO 
CO 


CO 
CO 
CO 


r- 
co 

CO 


CO 

CO 
CO 


co 


CO 


o 


co 


co 


co 


CO 


CO 


CO 


CO 


CO 


o 


CO 


CO 




CM 


t-— 


-=f 


OO 


OO 


1 — 


OO 


LO 


CM 


• — * 


CO 




CM 


LO 


CL 








c=> 


co 


<o» 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 




co 


c 


co 


CO 


c=> 


<=> 


CO 


co 


CO 


CO 


CO 


CO 


CO 


CO 




CM 
LO 


CD 


m 


»— < 

LO 


cx> 


co 

LO 


LO 


CO 


CO 


CO 
LO 


^ 




OO 


CO 

LO 




CO 


co 


co 


CO 


CM 


CO 


CO 


co 


CO 


CO 


CO 


CO 


CO 


CO 




CO 
CO 


o 


o 
o 


CM 


LO 
O 


CO 

co 


CM 
CO 


OO 

CO 


CM 
CO 


LO 
CO 


LO 
CO 


o 

CO 


CO 
CO 


cr> 

CO 


CO 




CM 


OJ 


co 


CM 






CM 




CM 




CM 




CM 


o 


co 

OO 


CM 
CO 


o 

— » 


LO 
CO 


en 

CO 


co 
I— 


CO 
CO 


t— 


CO 


CO 

t- 


CO 
CO 


o 
r- 


CO 
LO 


OO 




o 


o 




co 


o 


o 


CO 


o 


o 


o 


o 


CO 


CO 


CO 


i 


< 


CO 




Q 


•w 




o 


X 










s 


2 



[00 39] [^2] 



—302— 



# • 



(7) 4#§B¥5-3 2 0 7 4 9 

U 12 



m 

•B- 


CM 


IO 


CO 






o 




CM 


CO 


CO 




m 


r- 


to 


CO 


IO 




CO 


- 


in 


CO 


CO 




CM 


CO 


CO 


o 


CM 
CM 


oo 


e- 

CM 


CO 
CM 


CM 
CM 


o» 


CO 
CM 


CO 
CM 


«— • 

CM 




to 

CM 


CO 
CM 


CO 


l — 


CM 


CO 


CD 
CM 


tn 




CD 
CO 


CO 
CM 
•O 


C» 
•r> 


<o 

CO 
LO 


oo 
to 


CO 

to 


tr> 

cx> 
c — 


CO 
ID 
t— 


OS 
tr» 


CO 
CO 


co 
ir» 


CO 

to 


CM 
C— 

to 


o 

LO 


t— 
CO 
CO 


CO 
CO 


CO 

to 
to 


t— 

LO 


CM 


CO 
co 


CO 
CO 


to 
o 

CO 


no— ■ 


CO 


ca 

CO 


CD 
t— 


CD 


CO 
CM 


eO 


CD 


CD 


a> 


CO 


CO 
CM 




•^r 

«=> 


to 
e=> 


CO 


in 


e— 

CM 


•— « 


CM 
CO 


CO 

CO 
CM 


CO 


t- 


ID 
94 


oC 
cc 

to 


-*r 

CO 


CO 

co 
r— 


CO 
CO 


CO 
Q 

t~ 


CO 
CO 


CO 

to 


-*r 

CO 

o 


2221 


CO 
o 

CO 


2234 


«— » 

CO 


CM 
OO 
CO 


CO 
CO 
CM 


CO 

a> 


OO 

CO 

CO 


co 
c» 
oo 


o» 

CM 
CO 


e— 
^« 


CO 

CO 


oo 

CD 
CD 


*S 

.as 

CP-— 


CM 

to 

CO 


CO 
CO 
CM 


o> 

CO 
CD 


CO 
CO 


co 

CO 

CO 


cd 
co 


o 

CD 

CO 


CM 
CO 


t— 

CO 
. — 1 


<=> 

CO 


IT3 

co 

CO 


CO 
CO 

oo 


Lfi 

CM 


■«* 
to 

CO 

•— 1 


1059 


a> 


1393 


1240 


1 


e> 

era 


1057 


1619 




CM 


CM 


CSJ 


lO 


uo 


in 


CM 


CM 


CM 




to 




CM 


CO 


CM 


CM 


CM 


CM 


CO 


CO 


CD 






< 


cc 






w 




a 


a: 








»-i 










2 


z 


<— t 


M 








±? & & 


* m s js 


n u ^ 



[Q0 4 0] ... - U3] 



—303- 



# 



(8) 



SSm^ 5-3 2 07 4 9 



13 



14 



-« 




m te s 


-H & 




m 

Na 


* — Mb 




X##B#K] 




1 


900*C x 305} 




300°C x 205} 


2^/^ 


2 


900^x30^ 


sor/» 


300*0 x 405} 


2"C/e> 


3 


9O0°Cx3O5} 


50^/9 


300°C x 605} 


2"C/# 


4 


900*C x 305} 




280°C x 305} 


2*C/» . 


5 


900'C x 305} 




320T: x 305} 


2^/f* 


6 


900°C x 305} 




300°CX 55} 


2<C/B> 


7 


, 900°C x 305} 




3001C x 905} 


2X:/» 


8 


goor X305} 




220*C x 305} 


2x:/» 


9 


900^ x305} 


50t7» 


380°C x 305} 


2^/0 



[004 13 3t 2 CDiHlb^ d 

[0 0 4 2] Jttfct*A2ttCr<0^WS;WI£< lOMo. 

[0 0 4 3] *t*fc«B 2MaMewft^. ^n»»f^ 

[0 0 4 4] JtttffC 2 KHB«. ^tt mif) *t£fclC 
fit*, dtli*. ft*0^3»^3S*-C*S&8&fc«e* 

[0 0 4 5] ifctt»D 5ttBitt««tt^. CtlttSlW 

[0 0 4 6] ifc&#E 5 «iKttA<ttV). CtltiMnf^ 
[0 0 4 7] Jt&#F 5ttCra^*^T?^t-Sct 



3? [0 0 4 8] tttfc#G2liVfi#ia^T&5fca&tC«^ 

[0 0 4 9] cni^L, *^tt©12, 14. I 
5. J 1, J 2, J 3, K2, L 2, M2*5i:tfN2 

o%Rin?**. £fco.2*»*t> 900 n/b 

t£ 1 5 %J^Jt. 3 0 %£lT<nmiElfcmtZ$> 6, 

[0 0 5 0] L^U *«WC«JfeT6fl:*«»lll8H 
©ffltfe, It^I 8, 19, J 6*S<fctfJ 7ICJL£*1 

[00 5 1] 

iplKcfctttfTStfl 6 0 0-2 30 ON/om 1 



-304- 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLURRED OR ILLEGIBLE TEXT OR DRAWING 



